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^ <^*>: 2002/7/27 



€■ *IN3.4*i sHl^* °l-8-*H &>M*= WW 

#£.5., o]^s= ^f-vil^ S)H*i-i- #^7|H1 3^ A}-g-ij> 

^ ^s^Ka, ^#5^ ^o]7i ^sfl <y<^ ai 

^ ^-71 aJJto} ^#*>* <M*H ^» ^*Rf- 

*iwtb ^w*] *\^-& *h*j w ^ 

*r ^JL ^7)3. ^^rf. *||B||S.t^O] ^^oflAi A>-g-5)fe ^ 

4^7> o^SJE. m-H^r efl°l^^ v ^7]S.^-B] #A>S]^ 

A>^.^rfl, ^ 2 7fl^ 3fe ^-5. ^-fr o]^A-] A} 

£ 3 
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°]^5.J= «#-i4|^r ^|o]^«q- ^3E| 3fiB|l5J=K] o^s^i^ SflBfl i£|H 

£ 2fe ^l^S.^ HeNe elH*!^ o]s.^-^^- £A]f £^ 

£3f ^ ^A]e>^ o]^a.^ HeNe 31 tt^ ^^S-tfoi ^^^^^ °1 

5- 4a ^:&Hr» #^*| #5** ^-f <M tflc*^ SLAltb S.^ 

** ^jfi. ^-@-o]| tfltb ^ ** 

60...W #^31^ 70...3H*i 71..."tt#-tfl* UMB^l 72.. 

73...% ^#7] 74... 80...^MHr 90. ^§7l 
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%:^ <g*}: 2002/7/27 



<9> JS. Ol-g-^ O]^*|]oj ^» ^oVtfl^- ^-ttr ^lofl 

^AS, ^#-^11 3M*1« ^BflS-Cfy ^HMH ^>-§-^> 

<*] a^a^Ka, ^^5.52}- ^-g-^fl^ ^o"|7l ^ ^13L« 71 

^ ^-7] Ai^si ^^#^n^ sia* ^*Kr 

^-o] 2 7fl^ 3Hr tfl^-tfl^ ^ -MS. ^^-o]o^c> 

^ « 0 v^^; x}^* ^ 2 7fl^ *>j^r ^^(Zeeman)^* °l-g-t!r 

¥ £1*11 ^-^-^ ^S7l(Acousto-0ptic Modulator, °1*> A0M ^l^- 
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<n> x]°>(Zeeman)313f» 6 ]-g-*H ^ "<HH ^«fl 7>}^ 

27fl ^tfl ^>°1^ 3 MHz ^ ^BlTfl-fr a}-^}^ ^-f 

sjtfl ^ 7>^ ^JE^r 475 mm/sS. 



<12> ^ Bi^fl * 0 >igoi A0 M» ^l-S-^H ^-€^r te^r y j-^^r ^^^-(Zygo) 

^>i4^ ^5^1- m%&SL3. ^e^JL A0M°11 ^A>A] 71 t£, 27fl^ ^s}-^ £-0.^ 
n *> 0 1^ 20 MHz^lJl ^ <£^r ^M^}-. ^7)Q 

nj^ol ^S)-^ 7 }- T^JE.^. ^^JL^^I ti]«fl ^ tfl^o] 

7i*H ^4x7} <JH*MoL B]lol^7> tiB^i^S ^^oi ^ 

9l*)?l ^^Hr» ^^^-5. ^S]tfl7l tfH^ofl ^- ^o] a. 3. S^#ollA-l 
¥ ^1^1 *S}J5-3. %^7 : le)7> 10 m 71^1^ ^^o] 



<13> Uf^S. ^^llS.Cl-01 Ti^^Sl ^SflOl <^ ^^oLj- 7l# cfl^fl ^^^>J1^]- 

^4^1 ^^7> cl«B^l ^ Ajs^ol *f» ^*>J1 °1« 741# c-l*} 
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<14> 4/-= 2nv(/)/ x (^-§}-Xj ^) 

<is> a}7H n £ ^71^ M*. * ^ ^ s^m. SMr^ <=>] 1 m / sS . ^ o] S 

£#e) ^=Hr*r 3.16 MHz°H ^-o] HUV^ofl - ig n>- ^ 

^s^fe ¥ yfl°J 6.32 MHz7> ^4. o]^ § i^ofl 6.32 xio 6 7fl ^ ^^.^ 7 > 
M-7>^ 34 #^7l^ ?_H^i^ 7fl^* Si<H^*] fc^- ^ tfl^l- 

<ie> tfl«-^ ifltf ^7}^ 71 § Als^ ^714 ^ ai^o} o§;g,s. xm^( Z ero crossing) a] 

*1» ^-8- ^ 4^-4 £°1 3^4. 

<17> 7* 
i|j=360° X-=^- 

Tr c^«h 2) 

<18> *) 7 }*] Tr o_ 7]^1Jl V R ^ ^7) o}^, T+ ^ 7l^^ V r 4 ^A]2L V m °l <3^# 

^1^H4. ^7]^ T+ 4 Tr ^ AR> ^oj- i^V # 
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<19> A9=360° /^x 3) 

<20> A9 i=. <fl# ^7)3) 4£ **H^, iR^r 7l§ AlJl^ ^^Hr A ^ 

^7]S] X];£ ^fl^o]cf. 3<^1 41^^71^ XI ^ &n±§-°] 1 nsec°l^L 

7]§ A}Jro} ^3j-^7> 10 MHz ^ , 5)^ 3. 6° 7} 71^ Al^cq 

7> 1 MHz<?l 41 ;M 0.36°7> o)^^ 7 ^ ^^7> V**^ 

§ tir ^71 ol^^^S. 7l§ Al^S] ^^7} # ^tf ^ ^ 

4^r7> ^4. «>u|-^ 7]?i ^s^o] 2/3 ^^^(phase 

unwrapping)^ <H3-5-°l SX^. ^ A%-^c 4 s 9X^. 

<21> Af < |2n/3| ( i =r's}-^ 4) 

<23> ^ flfe ^ ^ «T*|fc 4^ ^ 
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(*r*M 5) 

<25> c$ 7 ]M\ f R £- 71 § ^Jl^ ^^K^ f x - f 2 # £<H*L3-. 

< 26 > 41s:<£) ^sH= 7 } 1 MHzoIjh ^ 7^ ^MJjfl* A>-g-^- ;g-f ^ 7>^tb *|tfl <=>1 
^#5^r «M 1^1- ^ 53.-fBj «q= 104 mm/s ojcf. o]^ ^51^ ^Jl^I ^sj- 

^l^T **fl^<>l ^^lTfl ^ ^ ^pSL ^ 2} ^O] A2L <£, ^ei^> 

<27> ^ z. 

Ax < 2A-=— , , 

3v (^Al 6) 

<28> ^Hfl^ 2.^- 4^ 6^1 ^H-i- ^Al^c> *}JELJL ^ ^ 

m/s^l ^flir 0.3 nm* ^^B^ 100 ps^l -g-sfl^o] ^A^S. ^"SM 

<29> ^ ^l^ ^o] ^EllS.cl-^1 *BJ?lfe #1:71 3^ 

ol 371 tcfl^-ofl JH^o} ^o. <£ 7]7} o]^ JL> ^ ^^£4 ^7] ^ 
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<24> 
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^ ^-^S., *HJ3H ^ ^Q°-S. A>-§- 

*n ^* ^^slq ^a**^* St*]?] 

<31> #^7jH A>^}71 ^^7> <^2|-^ ol^S.^ ^]o}^ ^ 

4, ^*Kr ^ tt^XW *B^^» ^7l Al^S. €^*Rr 

^ ^ ^7l ^l^^^Ei ^4=.^ 413l^ 3)S$-2r 4*3 *H? ^ #2\g. ^ 

<32> ^fl-vn^r 5110]^^ ^-^7]^ ^o]7l- 150 ~ 200 mm S. 23}- ^o] ^ 

fl-ifl^ o}^ ^^U0)o\] ^z\7}°] s^ofl ^ -7]]^ 2.h.(45)(46)7> ^fl§> 

^ *\3. tf^ ^ 7 fl^ ^3*Hr« ^ #-ir #^*Rr sflol^# ^rf. ^ £^7_>ol ^ 
^ x}^ ^^(Free Spectral RangeH sl«fl ^7}^ zjo]ofl rcj-ej. t} 
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s.14 600-1000 MHz a>o-|o} ^tf. ^ ^5. ^2) <*dH ^ 

^ ^ih^ n^nz] ^^4. 

<34>^ 3°- £ ^oiH ^}A]tb sflolx-l A^Bfl^ 711^15. M-B]-^ ^o]cf. 3] o] x] 

tha^l Al^Bfl^ ^Tfl 3]oH %€-¥-(70), W ^^l^-(60), ^^(80), H 

Bl-a ^^71(90)5. ^Bilstq-"?! ^^HlAi a>-§-s]^ ^sK-7> <L> 

5flo]x-1^^7l(71)S-^ #A>E)^ ^#(74) = 
^"71 27fl^ ^ *\3, O]^^ Ai^^CLS. O) 

^"71 <^(75)^r 71^ A]M A>-§--g:>7] ^-Sfl 2?fl^ tfltsfl ^ 

450 7] ^o]^i ^^(72)* 7^ ?>AJ* ^-^T}. ^"71 ^-o. ^-^^71 

(73)« 7]*\ ^7]A]^(76)S_ °l^r o-^-i-^o]] ^A>£)c>| ^Al^ 

W]i2«l-7] #n 7]§a1Jl3- A>-g-^rf. ^-71 7l^Al^S- ^ 

<35> V = Acos&vCft-fJt] y) 

tt^ slH^'iH^imHH ^A>£)^ l^*] #^(74)£r ItWl ^ 
^*Kr ^^"^71 (62)^1 <^A>^ 3f l^-^^T^ ^S>^ £fe #(67)-€t ZL^«> 
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)020036184 ^7>: 2002/7/27 

(63)-° 5. #7] JL^^VA>^3|. o]^^A>^ofl <^A>^ #7] 27^ 

tfl^H 45°7l^r° : l3l ^^(64)^^ ^ ^-^#71(65)3. 

o]^ %^sL±r 2nd! °1 s]^., ^^-f 2 » ^ ^7lf^] d 2 ^ 

2nd 2 7} £)JEL5L #^^131^ o>2fl^ ^o] S^cf. 



<37> F m = J Bc OJ r{2 n (/ 1 -/ 2 )/+2«<f l /A l -2n < ? 2 /A 2 } (^"SH 8) 



<38> <^7lAi V m £r ^^^l^^lJl, B^r n ^ ^7l#^l-, A lt A 2 ^ h , 



<39> #^7}HH ^tfl^o] ^&£r ^Jl^l ^AZS <#7) 7l^Al3Ll- M-E)-^^ 74 
<40> (| ,^4 J t/7(^-rf 2 )/X 2 9) 



<42>^-7l €^4lJL(68)^r ^^^^(63)^ o]^c^ ol^^o]) ^ JE-S.&I J- jtyofl 

^7l7f ^^Tfl 5]^ 7] ^^(76)^ ^7)7> ^^«>Cf. ^"71 71^31^- ^-i!^ #tfl 
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W-vIl^ 3Hx1<£ ^7l^j ^017} 150 _ 2 oo mm ^SS*) ^ S-JE.^ 
#3^r 7}-n- ^^(Free Spectral RangeH ^l«fl -§^71^ ^o]d\] x% 

^a>^ 600-1000 MHz -*M^ ^Hr^. ^ %9\ sxj-^Vo] 633 

nm °] ^JL 7}^ nfl 0.1 nm^ £71 ^^A^ # 7 1 9* 2 

>S60 ° K0.1 nm)/633 nm = 0.1°^ ^fl^<^l ^J^}^. ^-7l ^- ^o] 3}- 

^ 3^8: ^#7l (phase meterHH 3^ ^r*<H <H^i=r. °1» ^^l -^sfl 

^ It^Hfe ^s) ^BfisLcj-o] 7] ^^ ol-g.^ 7)^ ^Ji4 ^ tiiS] 

<4 4 > oi«> 3*3 ^sfl^-t- ^ 91^ «<MH « ii^tKk 

< 45 > 7]§^ls^ sfl^Rr ^^l ^r^HMl e^tb ^^(87)1- ^ ^71(82)^]^ 

^JliL ^#<H o]S. ^pgAl^^. 7}^X\S.6\] °}7}i5}7) ^*fl ^JE. ^71(83)^1^ ^ 7fl^ 

^IJlS ^-&lt!:4. e^tlr ^••T-^(87)^ ^3HriL4 l-20MHz ^S. *> 

(88)(89)fe 71^^(76), ^^(68)^ *H (81)(86)^l^i ^^14. # 

^(91)(92)^1^|^ -g-f^ ^ X\3LO) ^4^7> ^-o] 5)^. X\3L$>\. *\ 7 \ S\±t ^3l7} ^SL 
fc^l ^-c] Als^ ^el (84) (85) "11 ^ ^iTl^rf. ^S>\ #^(93)(94)* ^ 
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#71(100 W ^o] ^tti=f. ¥*Hr7> 7]§a1Jl(93)4 ^>§4)3L(94)fe 4 



<46> t^' = 



V=Acos1tft {^r^A 10) 



<47> f^-B ca »{2itC/»+W 1 /X,-2i«f a /X a } (^r^H] 11) 



<48> *$ 7 ]X\ f = fi - f 2 " fLO . fLO t ^ fLO* 

«1**M1 -i^^ 4^ ^7l^ ^ rfl^^-S. ai^o] ^4^. ^# 

^ 5£4. fu) *r 7V^o] 7 }^}JELiEL ^ #^1^ ^JE4 ^Sfl^r°fl 44 7^ ^]Jl4 ^ 
^ ^}J:4 ^4^* Sll'lb ^ &4. °lf^JEL iSH*)4 #^^r 2 mW o]^-o]uS 

#^31^) SL#^r 60%, ^ ^ 7pg^ 3^ ^S.Mr 50 mW°"l4±L 7>^^ 
<>1* ShS?f)^ 4~g-^- ^-f 20 ^ 7pg^}7l] £4. 

<49> ^x]nV o]^7ll 7l^ ^sHr-I- ^1^* ^1 £4. £4a^ ^ 

4==r» ^4^1 3^ ^=8 ^-S: 44^ ^^S. ^4^7} #4 «J-fo S 

3-§-^r 3^(110)4 £-4 *^o.s. ^-f (m)4 ^fl^^°l ^4. ^4 

^4^» ^fc-i- ^-f 5L4b<HH^ ^4^7} <£4 t*^s 4-§-^r m 

(112)£- ^-g-ol #4 «fl ^ tfl^|(113)ol f4^m &^17> &4. <>1» 

SIWM ^«fl ^- ^o^fe- 31313.4^1 ^(two-way heterodyne technique)* 4 
-§-tt4. 
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<50> £ 4c^ o)& *f|€)l3.t}ol ^X\o)}^ 5.^1^ ^o]x^. ^A]^(H5)S ^7] 

(116)3. ^ * M-¥M*1 ^^-iOJl(121)(122)fe ^ ^Bj-^7} f 5 +f <2 ^Jf 
4131(123) , ^sHr7> f b - f o] ^j=l Al^(i24)^- ^-7fl^ iH(117)(118)<>fH 

<5l> #^(125)(126) jl ^b]( 119) (120)ofl 3]*fl ^T^t}. 

z^-zj- ^2Hr7} ol ^1^(127)^ r-V o] Al^(i28)7} 5M Jfltf ^ 

^7l(130)(131)ofl^ ^^W. 5L#5] ^4^7} ^ 

^+ 7 }f+&o) Als(127)^- ^7](130)3 A>-g-^j7, -g-o} j^re] o. 

^4^7} f-V 91 #5.(128)$- $\^r. ^7) (131)51 =!pg3M: A>^>Tg %T-Aj- <#0] y^O} 

7^ ^7l(130)(131)# A>-g-^£. S #^1^ vfrlfro] nfl ^Aj- ^^7]£ 

^1 ^^H^" $\^T #^7l7> nfl ^^7l #5l:?H ^"tf &o] m&5\ 

^^>7> -§-0^1-711 ^A]^; ^ Jf#o]i=L5. o]ofl cfltb '7Mt> <£^gr ^^=tb^-. 

Ml 



♦ 



020036184 -fr^ 2002/7/27 



i5}534. atb #7] oi^a.s. ^#-vH^ 5)H*i» ^>-g-% v nfl ^sHr7> #ofl 
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1) 

3H*I M^-(70), ^^^-(60), ^MHr #^(80), 3# ^7l(90)S 

^7) %}o]x\ °W5LEL 2flol^^7l(71)» #7] 

*\ ^"71 ^^(75)fe 7l^AlSS A>-g-E)jl, q.^xi 

(74)^ a}-§-£)^ 7^ *Hb olf^a.^ HeNe ^s] 

2i 

A J-7l 7]^^^ 27fl^ ^ rfltfl 45°7l-i-<>|3! ^^-^(72)^: 7^ ^€ 

o] ^#7](73)# Ti^ ^71^1^(76)3. €:gr£H, 
k^co^IX/; -/ 2 )r] ( ^ a) 

4 ^-^^-S. ^ °]^\E.JEL ^fl-tll^ eflol^S}- ^lBD^.T^-'y 

(^ a ^ Yr 7l§^l^oH, <&S.2\ ^°}JL fl , f2 ^€ ^4 
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3] 

^•71 ^AIJl-^ €^^71(62)^1 <^}€ ^ -gr^^H ^4^^rfl^r ^ #(67)£r 
3L^«>a>^ (61)0.5. ^l^SlJL, ^f2» ^(66)^ ^€ Q l%- 

27fl£| ^-o]] tfltfl 45 o 7l ^.<>i^i ^^(64)^1^ ^ ^^#71(65) 

F m =B C ^{2n(/,-/ 2 )/+2«rf 1 /A 1 -2 W rf 2 /^ 2 } ( xi b ) 

h , f 2 ^« ^ #3 4# 
d i £ ^3Kr ^^-fi# ^ ^71^^]^ 7]z\o]ji i 
d 2 ^ ^ f 2 « ^ ^-71^1^ 7]^o)^ t 
n ^-7}o\ 
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#7] 7}&*\3L°\] *fl#*Hr ^nj-^ofl ^ tb ^f^lJL(87)» ^ ^7l (82HH 

^*H, 413: ^-%7l(83)<*IH ¥ 7flfil Ajis #7l 3-5^ ^1^(88) (89)^ 

71^^(76)^ bH(86H*1 ^Kn, #^^(68)^ *H(8lWM #*H, #7l 

71^51 oil ^f^ls* #^(91) #5: ^ #7] 71^5:^- ^-JfAijro} ^-o] 

$5= ^IJLtt €B](84)^^ ^7]^J1, #71 7}&*) ^ AlJlSl ^>7> 3 AlS^ $1 

# ^#71(100)^ ^ai^ ^#s:» #^(92) ^IJ: ^ #71 

^^Jie] tM E)^ Aljr^ ^Ei(85H ^ ^Tl^-Jl, #71 ^^-tlSSf 
^f#:M *>7> fl# ^#7l(100)oll <S^-SH ^#^r ^3*Hr 3* ^K 1 

£.3. ^ ol^a.^ m#-^l^r 3M*I4 4r=l ^lBllStq-ol ^# ol-g-^j- ^EflS. 

4<?1 eflo]^ ^^1 

4^1 

V=AcoslTift (Xj c ) 
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9\- £o] ^<L5L 4^ °}^5LIL e(M44 ^ *|*| 3.4*1 4 

( oj7H f = f_l - f_2 - fJLO , °}5L f_LO f_l , f_2 ^ ^S.^ ^r4 

<*i * f x , f 2 ^4^r ^-a- 3Hr ^4 4#, 

di £ <S€: fi* ^ *7] Tl^olul, 

d 2 ^ ^4^ <8S f 2 * ^ ^-o] ^7] ^ofl^ 4^<>H, 

6] 

^•71 ^7]^1^1S. 31(115)1- -g--&7l(116)» ^&^r ^, 4 

4^1 ^^(121)^ ^4^7} f b + f*} ^^7l ^131(123)« ^4(117HH 
^>ZL, 444 ^^^(122)^ f b - f<£ ^ ^71 ^(124)4 ^!4(118H4 §4 
^, BiA^ #^(125)(126) ^°fl4 31 ^4^ €^(119)(120)^1 ^-sfl »l7l4^ 

^4^7> ^1^(127) 4 ^1J1(128)» ^l-JL, £#£1 ^4^7> «-Jro] 

^ ^4^r7K + ^ Si 4lsi(i27)» 3-8-4^ ^4^, ^4^7> ^ Jf^ 

o]^ ^4^7> r-v c] aij:(i28)» 3-8-4°} ^-fr ^4£r ^as. 4^ 
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A. (<^7H f_b ^ ^^°] 



7] 

^o]^ ^^-(70), W #^7)1^(60), ^^Hr ^^(80), #^7l(90)S ^3 

^7] Sflo}^ ^-£Jffe o]^5LE. ^|«l^l*^7l(71)# ^-g-^M, #7l 

^7HH ^^ttr 27fl^ ^sHr» ^$\JL, ^o)^ 

*\ O]^, ^-71 ^(75)^ 7]^A1S1S ^>^J1, ^*1 
(74)£r ^^^IJlS. A>^-5]^1 ( 

^•7] 71^5:^ 27fl£} ^-ofl 450 7]4-<H*! ^^(72)^: 7^ 7>^^ ^o] 

^-^#7](73)» 7^ ^71^1^1(76)5. ^3^, 

^•7) ^^1^ €^«:7l(62)^ ^ ^HM^fl-i- ^ %(67)^r 

i^^>^ (61)^-3. ^l^^^l, ^£f2* £tt %(66)^ ^1^1- ^Hl #*Mel °1^ 

27fl£| ^1 tfl*fl 4507) -g-o]^ 3g#:&(64HH tN*i ^ ^-^#71(65) 

^-71 71 ^a] 31 0,1 sfl^y^ u^^ol ^sHMl e^^: ^^1^(87)« ^ ^ 71(82)^1^ 
^7K83)<^1^ ^ 7fl^ ^"71 £-5^ ^51(88) (89)tt 

71^31(76)51- tfj^(86)o]lA-l ^-7} ^*\SL(68)Q *W8lHH 
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E)tt ^15L^ ^(84)^ ^T^JI, ^-7) 7}^S_Q ^ *}7> E]^ A]jL^r 

^#71(100)^1 ^^lJlfl- ^ #^(92) # # 

9\ ^^3L2\ %\7\ S\±r ^ ^#7](100)^ <9^«H ^*Kr * 

^AS ^JE-JE. ^o]^^. ^3Ej ^lEfl^.^ ^^H^^ ^EflS. 
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